Mechanochemical synthesis of two or more different precursors is a simple method to prepare metallic alloys, polymer and ceramic composite materials. This mechanical reaction based synthesis also has been employed to produce hydroxyapatite (HA) powder for bone implant application. In this present study, we employed mechanochemical method to synthesize hydroxyapatite nanopowder from dry mixture of calcium hydroxide (Ca(OH) 2 ) and di-ammonium hydrogen phosphate [(NH 4 ) 2 HPO 4 ] powders. The effect of mechanochemical process on powder properties was investigated. Three rotation speeds of 170 rpm (M1), 270 rpm (M2) and 370 rpm (M3) were chose with 15 hours milling time respectively. The milling time at 370 rpm (M3) was extended to 30 hours (T1) and 60 hours (T2). Characterization of nanopowders were accomplished by Fourier transform infrared (FTIR), X-ray diffraction (XRD), nanosizer analysis, field emission scanning electron microscope (FESEM) and transmission electron microscope (TEM). Rotation speed and milling time affected the obtained powders with nanocrystallite HA structure. The narrow peaks appeared with the incremental of crystallite size (9 -21 nm) and crystallinity (21-59%) when the rotation speed was increased to 370 rpm (M3). However, particle size distribution (322 -192 nm) was decreased with the rotation speed. Morphological evaluation indicated that the average particle size of resultant powder which consists of agglomerate crystals and irregular shapes reached about 17 -36 nm. The as synthesized nanopowder showed that 370 rpm at 15 hours of milling is the suitable parameter to be applied for hydroxyapatite nanopowder synthesis in mechanochemical method.
Introduction
Hydroxyapatite (HA) is usually used for a number of biomedical applications in the forms of granules, blocks, coatings, dense bodies [1] [2] [3] [4] , as composite with polymer and ceramic [5] [6] [7] , for bone augmentation and middle-ear implants [4] . Hydroxyapatite also has shown the benefits in therapeutic antitumor vaccine [8] and was useful for drug delivery and antibiotics [9] [10] . It naturally contained in human bone as the crystals within collagen. There have been several methods applied in synthesized HA nanocrystalline powder consist of co-precipitation [9] , emulsion/microemulsion [11] , sol-gel [12] , hydrothermal [13] and mechanochemical [14] . Different morphology, stochiometry and crystallinity level of product can be produced by mechanochemical synthesis depending upon the milling condition and the materials used. In spite of simple and low cost compared to other methods, mechanochemical process allows synthesizing the materials with controlled homogeneity and with nanocrystalline form [15] . The chemical processes occurring during mechanical action on solids became to be more specific and versatile. Besides, mechanochemical treatment has recently receiving attention as an alternative route in preparing materials characterized by better biocompatibility with natural bone [14, 16] . Hence, there were several studies using a wet medium in mechanical milling have been reported [17] [18] [19] instead of milling in dry condition [14, 20] . In this work, the synthesis of HA powder through mechanochemical method in dry condition and the effects of mechanochemical process parameters (rotation speed and milling time) on powder properties are studied.
Materials and Methods
The two precursors for synthesis HA powder were commercially available calcium hydroxide (Ca(OH) 2 , R&M chemicals) and di-ammonium hydrogen phosphate ((NH 4 ) 2 HPO 4 , Systerm) . The following reaction of the two precursors occurred as in Eq.1:
The mixed precursor powders with 1.67 Ca/P molar ratio was milled using tungsten carbide vial and balls as a milling medium. Powder to ball mass ratio was 1/6 and the milling time was fixed to 15 hours (1 hour pause) with three different rotation speeds; 170 rpm (M1), 270 rpm (M2) and 370 rpm (M3). At 370 rpm, 15 hours of milling time was extended to 30 (T1), and 60 (T2) hours. The phase existence in the as synthesized powders was identified using an X-ray diffractometer (CuKα, Shimadzu XRD 6000 diffractometer). All measurements were performed at room temperature with the range of 2θ=25-42 o at 2 o /min scan speed. All samples were analyzed by referred to the standards of the Joint Committee of Powder Diffraction Standards (JCPDS) card number, 09-0432 for HA powder [21] . The functional group of the as synthesized powders was analyzed using Perkin-Elmer Spectrum FTIR spectrometer with 4000-3000cm -1 and 1400-400cm -1 scanning range with resolution of 4 cm -1 . Malvern Zetasizer analysis was used to determine the particle size distribution of the mixed powder and the as synthesized powders. The as synthesized powders at 270 rpm (M2) and 370 rpm (M3) were subjected into morphology analysis using FESEM (Zeiss, Auriga) and TEM (Philips, PW6030). Figure 1 shows the XRD patterns of the mixed powder and the as synthesized powders at the different rotation speeds; M1, M2 and M3 together with the different milling times of M3; T1 and T2. The crystallite size of the powders was calculated using Scherrer's equation [22] . For this purpose, FWHM at (300) (2θ=25.8 o ) has been chosen to calculate the crystallite size. From XRD analysis, the mixed powder ( Figure 1a ) shows the peak of two precursors from Ca(OH) 2 and (NH 4 ) 2 HPO 4 (DAP) which has been mixed before milling. At lower rotation speed of M1 (Figure 1b ), HA structure starts to form which can be seen from a wide broad peak at 31.65 o ,
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32.16 o and 32.75 o . However, a new peak from phosphorus precursor exists at 38.5 o which means that the powder is not completely reacted at this speed condition. Thus, the existed precursors peak disappeared consequently and the narrow peaks of HA are observed when the speed accelerates to M2 (Figure 1c ), and M3 (Figure 1d ). At M3, the peaks of HA are maintained although the time has been extended to T1 (Figure 1e ) and T2 (Figure 1f ). High milling speed has leads to the formation of single HA without formation of any secondary phases. The optimum speed is achieved at M2 (270 rpm, 15h) since the precursors have been completely reacted and formed a new phase of HA. This reaction is believed to be assisted by heat generated from kinetic energy initiated by collision and friction mechanisms between the balls and vials walls, and between the balls [23] . Table 1 shows the crystallite size calculated from Scherrer's equation, indicates that the size increases with rotation speed. Nevertheless, anomalous size is observed by prolonged milling time at M3 rotation speed. The highest crystallite size (30.9 nm) and crystallinity (82%) are obtained by powder milled at T1 (370 rpm, 30h). At the same speed and time, the crystallite size of T2 is lower (21.4 nm) than Silva et al. [20] results (36.9 nm) which used precursors from CaH(PO) 4 and Ca(OH) 2 . In addition, the crystallite size (21 nm) obtained at M3 is higher compared to Silva et al. [20] (14.3 nm) with Ca(CO) 3 and CaH(PO) 4 as precursors and lower than crystallite size obtained from CaCO 3 and (HN 4 )H 2 PO 4 precursors (35.5 nm). Lattice parameters along a and b axis of the milled powders are found expanded from the standard lattice parameter of HA (0.9418 nm) and inconsistent with the rotation speed and time. This situation is also similar in c axis which is deviated from standard value of HA (0.6884 nm).
From nanosizer analysis in Table 1 , the size distribution of powder decreases from the mixed powder to the as synthesized powders at M3 (1570 -192 nm). This can be elucidates that as the speed increases, the rate of kinetic energy becomes high and more impacts from collision between balls and vial walls are transferred to powder particles. Thus, a refine powder particle size is formed compared to the mixed powder. On the other hand, the particle size starts to increase again when the powders milled in a prolonged time, 30 h (302 nm) and 60 h (633 nm). This incremental might be due to the agglomeration of the refine particles after nucleation and aggregation during milling process.
The chemical functionality of the as synthesized HA powder is determined by using Fourier transform infrared (FTIR) analysis. Figure 2 shows the FTIR spectra of the mixed powder and the as synthesized powders through dry mechanochemical synthesis with different rotation speed and milling time. Before milling, the mixed powder sample does not exhibit any peaks except for N-H stretching band at 3640 cm -1 as shown in Figure 2 (a). Phosphate (PO 4 ) band has four vibration modes; ν 1 , ν 2 , ν 3 , and ν 4 . Refer to Figure 2(b) , the samples in all rotation speed and milling time indicate that the PO 4 band appears around 962 cm -1 (ν 1 ) and 474 cm -1 (ν 2 ). PO 4 band also exists at 1088 cm -1 (ν 3 ), 1023 cm -1 (ν 3 ), 599 cm -1 (ν 4 ) and 560 cm -1 (ν 4 ). The weak vibration band of OH group is presents at 628 cm -1 (Figure 2(b) ) [19, 24] and it can be seen apparently when it comes to 370 rpm and in a prolonged milling time. The broad band of absorbed moisture can be observed at the range of 3200 -3600 cm -1 (Figure 2(a) ) [25] . As the speed and time increase, the band of chemically absorbed water has become less due to higher milling energy consumed and consequently generated a higher heating rate during milling process.
(a) (b) Figure 2 . FTIR graph with two spectra ranges of (a) 3000-4000 cm -1 and (b) 400-1300cm -1 for the mixed powder (0 rpm) and the as synthesized powders at various rotation speed and time. (M3) shows that the particles obtained are almost in a rod like shape with the sizes are also around 100 nm. TEM analysis in M2 sample has revealed that the irregular shapes of particles are formed in an agglomeration state which can be seen from Figure 3(c) , similar with the morphology found in FESEM analysis. From M3 powder sample, the morphology of eclipse and rod like shapes are observed as shown in Figure 3(d) . The resultant powder shows that the size are getting smaller as the speed increases to 370 rpm (36 -17 nm) and the size is comparable with the crystallite size obtained from XRD analysis which is proportional with the rotation speed.
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Conclusion
Nanocrystalline hydroxyapatite (HA) powder has been successfully synthesized using ball milling dry mixtures of Ca(OH) 2 and (NH 4 ) 2 HPO 4 at various rotation speed and milling time. The higher rotation speed increases the crystallinity and crystallite size of the obtained powders. However, the high rotation speed reduces the particle size of HA powder as well as the agglomeration of particles which consist of irregular and rod like shapes. Prolonged milling time did not result in any significant changes in powder properties. The complete reaction of two precursors used in HA mechanochemical synthesis is obtained at 270 rpm milling in 15 hours. Thus, the present mechanochemical synthesis from dry mixing condition can be a potential method to produce HA nanopowder for biomedical implant application.
